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INTRODUCTION 
The fundamental character and basis of parasitism have been 
explained in numerous ways. Lewis (1953, 1957) suggested that para-
sitism represents a balance between the nutrition of the parasite and 
the biochemistry of the host; supporting evidence was used primarily 
from studies of pathogenic bacteria. Rogers (1962) hypothesized a more 
complex situation which is based on his research with nematodes. 
Factors felt by him to be important are as follows: (1) the unusual 
environment needed by the parasites, and the capacity of the parasite 
to penetrate and to avoid the host protective mechanisms; (2) parasite 
secretions which govern processes and stages of development in the life 
cycle; (3) stimulation by host factors of internal secretions of the 
infective stage of the parasite which leads to a resumption of develop-
ment; (4) after the initial process of infection, substances and con-
ditions required from the host would be those needed for growth and 
maintenance by the parasites; (5) specificity of the parasites is 
determined by a variety of patterns of the environment which are 
necessary to complete the life cycle within and without the host. 
Based on research with Trypanosoma lewisi of the rat and T. 
duttoni of the mouse, Lincicome (1963) stressed the chemical basis of 
parasitism. This involves a mutual exchange of chemical substances or 
metabolites between host and parasite. The nature of this chemical 
basis determines the character of the host-parasite relationship. 
In a recent review Gelman (1964) pointed out that while there is 
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an accumulation of evidence supporting current hypotheses of parasitism, 
only time will tell whether proof is forthcoming to verify current 
theories. He further emphasized the need for physiological and bio-
chemical research which precisely indicates grades of dependence between 
animal parasite and host. He felt that more of this type of research is 
needed to evaluate the classical terminology of commensalism, mutualism, 
symbiosis, and parasitism as applied to close interrelationships of 
organisms. 
Baer (1952) suggested that in copepods all stages of commen-
salism, predation, and parasitism occur. These relationships are 
assumed primarily from evidence of morphological features and life 
cycles considered adaptive for a given relationship. Critical analyses 
of the physiological nature of the relationship between copepods and 
their hosts have rarely been attempted. 
All copepods of the family Lernaeopodidae are considered to be 
parasitic (Yamaguti, 1963); however, a detailed evaluation of the 
copepod-host relationship in members of this family is lacking. In his 
revision of the family, Wilson (1915) summarized the ecology and the 
possible nutritional relationship of the adults to their hosts. In a 
series of articles dealing mainly with the morphology and behavior of 
Salmincola edwardsii, Fasten (1913, 1919, 1921) suggested that this 
organism is a blood feeder. This concept agrees with Wilson's (1915) 
ideas for female members of the entire family. Friend (1941) in a 
study on the life-history and ecology of the salmon gill-maggot, 
Salmincola salmonea, observed a red fluid in the nidgut which he pre7  
sumed to be blood. 
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The mouth parts of the parasitic copepods are adapted for 
lacerating the skin of the host (Baer, 1952) and the mouth tube is 
constructed to aid in sucking blood (Wilson, 1915). Speculation that 
the attachment organ (= bulla or button) of females of the family 
Lernaeopodidae could function as an additional organ to absorb nutrition 
from a host, as well as for attachment, has not been reported in the 
literature. 
The lack of information relative to the nutritional dependence of 
parasitic copepods on their hosts and the method by which nutrition is 
obtained from the hosts prompted this study with the copepod, CharoEipus 
dentatus (Wilson) (Crustacea: Lernaeopodidae). The female parasites are 
permanently attached to skates, :Raja binoculata Girard, by means of an 
attachment organ which becomes embedded within the host tissues. The 
male lacks a permanent attachment organ, but maintains an attachment to 
the host tissues or to female parasites by means of hooked appendages. 
The present work involved six areas of endeavor: (1) collections 
of parasites from the host were made to determine patterns of distri-
bution on the host; (2) material from the gut of female parasites was 
analyzed chemically and physically; (3) histological sections and whole 
mounts of the female attachment organ-host tissue interface were studied; 
(4) experiments were performed to determine the obligate nature of the 
female parasites; (5) radio-isotope tracer experiments were done in vivo 
and in vitro to measure the uptake of radioactive nutrients through the 
attachment organ into female parasites; (6) adult females were cultured 
in vitro using three different culture media. 
MATERIALS AND METHODS 
Skates (Raja binoculata) which serve as the host for the copepod 
parasite, Charopinus dentatus, were caught on a set-line from water 
adjacent to Rosario Head, Fidalgo Island, Washington. The skates were 
towed by boat to the nearby laboratories of the Walla Walla College 
Marine Biological Station, Rosario Beach, Anacortes, Washington. The 
skates were held in tanks which received a continual supply of sea-
water. The numbers and stages of parasite on the host were determined 
by collections made from June 1962 to June 1963. The histological 
preparations and experimental procedures were accomplished from June 
1964 to August 1966. 
Determination of the numbers and stages of parasite on the host 
was accomplished by cutting out the oral and pharyngeal mucosa which was 
removed to a large glass dish of salt water and examined by using a dis-
secting microscope. The mucosa to which the parasites were attached was 
examined for parasite-induced trauma evidenced by redness or bleeding. 
The parasites were removed to filtered sea-water, washed, and preserved 
in Wilson's reagent (Wilson, 1911). After preservation for 24 to 48 hours 
determination of the numbers of each stage from a given host was made. 
Adult female parasites to be used in the experiments were removed 
from the living host by carefully excising a small amount of skate 
tissue surrounding each attachment button. The parasites were placed 
in sea-water in finger bowls, washed, and the excess skate tissue was 
dissected from each attachment button. 
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Gut content material squeezed from the adult female parasites 
after bisection of the body at the junction between the cephalon and 
thorax was examined for red blood cells by Wright's stained smears and 
for hemoglobin by the benzidine test. The contents from the guts of ten 
• 
different copepods were examined separately. Gut content material 
stained with Harris hematoxylin and erythrosin or mounted unstained by 
the glycerin method (Johansen, 1940) was preserved permanently on .micro-
scope slides. Slides were examined by Dr. R. W. Castenholz, Biology 
Department, University of Oregon, to determine the nature of the gut 
contents. 
Gut content material while still in the gut of the adult female 
parasite as well as material removed from the gut to a slide and dried, 
was examined by ultraviolet light. The source of ultraviolet light was 
a Pen-Ray power supply model SCT-1 and two Pen-Ray lamps model 11SC-1 
fitted with special 2537 angstrom filter assemblies. Observation by a 
dissecting microscope was made in a totally dark room. 
Spectrophotometric examination was made on gut contents pooled 
from 300 adult females. The material was washed in distilled water and 
extracted with 857. acetone by grinding with a mortar and pestle prior to 
examination. The supernatant from this extract was drawn up in a micro 
pipette and placed in a 60 microliter Beckman liquid micro cell (No. 
97260). A Beckman DB spectrophotometer with variable beam attenuator 
(No. 104186), the slit program set at NAR, and a scanning speed of 40 
millimicrons per minute was used to determine the per cent transmittance 
of this extract. The results were printed out by a Heath servo-recorder 
model EUW- 20A . 
Examination of sections 10 microns thick of the attachment button-
host tissue interface was made of tissues which had been fixed in alco-• 
• holic Bouin's solution, washed in Lenoir's fluid, embedded in paraffin, 
and stained either with hematoxylin and eosin or Mallory's triple stain. 
Photomicrographs of tissue sections as well as slides made from the gut 
contents were made with a Zeiss photoscope. 
In order to determine . the necessity of the host to the parasite; 
experiments were designed in which three experimental groups were 
designated. Group I: *parasites remaining on the skate, but manipulated 
mechanically to compare to the handling of Groups 2 and 3. Group 2: 
parasites attached to a plastic dish; the plastic dish sewn to the skate 
preventing the parasites from feeding on the skate. Group 3: the para-
sites attached to a plastic dish; the plastic dish placed in running. 
• sea-water in the laboratory apart from the skate. The experiments were n 
performed in four series (only three series in Group 1), each series run. - 
at a different time. Sample sizes of 15, 15, 25, and 40 parasites were• 
• used in each of the series in Groups 2 and 3. Sample sizes of •4, 26, 
• and 20 were used in Group 1. Each sample originated from one skate and 
was run as a separate experiment. 
The skates in Groups 1 and 2 were supplied with running sea-water 
in a tank approximately 4 feet wide X 8 feet long X 2 feet deep. The 
plastic dish to which the parasites were attached was sewn 'onto the 
dorsum of the skate at the level of the pelvic fin. The plastic dish 
maintained in the laboratory was attached to a finger bowl by . a plastic 
rubber cement and the combined finger bowl-plastic dish apparatus- was 
submerged in an aquarium approximately 1.5 feet wide X 4 feet long -X 
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0.75 foot deep. Sea-water flowed into this aquarium continuously from 
a source which was common with the supply to the skate. 
The plastic dish was modified from a plastic petri dish 2 inches 
in diameter. Twenty-five holes were drilled through the dish and a thin 
rubber membrane (Tambour membrane, Harvard Apparatus Company) was glued 
to the surface with plastic rubber cement (Duro, WPR-1, Woodhill Chemical 
Company). A #2 insect pin was used to make twenty-five holes in the 
rubber material to hold twenty-five parasites. The attachment button 
was pushed through the hole so that the parasite was held firmly to the 
dish. In order to determine whether the parasite was alive during the 
course of an experiment, a small glass rod was placed carefully against 
the body of the parasite which resulted in movement if alive. This 
• determination was made at approximately the same time each day. At this 
time the water temperatures were taken in the tank which held the skate 
and in the aquarium in the laboratory. 
The chi-square test was used to assess the significance of 
difference in survival times of the three groups of parasites. A "P" 
value of 0.05 or less was considered significant. 
The radioisotope experiments consisted of an in vivo group at the 
Walla Walla College Marine Biological Station, and in vitro experiments 
on the main campus of Walla Walla College, College Place, Washington. 
Living skates in the in vivo experiments were handled in the 
following manner. The skate was weighed then tied ventral surface up to 
a specially designed board. The immobilized skate was immersed into 
sea-water by means of a mechanical hoist connected to the board. The 
tank was 4 feet square and a 10-inch depth of water was maintained by 
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circulating sea-water. The skate remained attached to the board and 
immersed at all times during the course of the experiment except during 
injection of radioactive material and while specimens were being col-
lected. In each experiment 100 microcuries of uniformly labeled.  
glucose-C14, (International Chemical and Nuclear Corporation) were used... 
In all in vivo experiments with the exception of Exp. 1 radioactive 
glucose was diluted with 0.25 cc of 0.757 sodium chloride and then 
injected IP into the skate While attached to the board. In Exp. 1 
radioactive glucose was injected IP without dilution with sodium 
chloride. 
To determine the anatomical and quantitative distribution in 
time of radioactivity within the skate, collections of host tissues as 
well as parasites were made hourly, or every three or four hours. In 
all of the in vivo experiments these tissues included gill filaments 
and mucous membrane. Mucous, muscle, pancreas, spleen, and excreta 
were collected also in certain experiments. 
In Exp. 1 and 2 radioactive tissues were removed from the skate 
at hourly intervals and adult female parasites were taken every three 
hours. In Exp. 5, 6, 7, and 8 host tissues and adult female parasites 
were obtained every four hours. 
In Exp. 2, 6, 7, and 8 samples of water from the experimental 
tank were obtained to evaluate the presence of metabolic C1402 released 
from the skate. 
Female parasites (controls) were taken from two nonradioactive 
skates to show the level of natural radioactivity and to serve as a base • 
line of comparison with the experimentals during the counting. procedures. 
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Tissues and parasites removed from the host were placed 
in pre-weighed vials and the sample weights were determined. Con-
centrated nitric *acid (0.5 cc) was added to the sample in each 
vial and allowed to stand overnight. After mixing the digested 
sample, 0.1 cc of fluid was pipetted onto a planchet. The plan
chets were dried in an oven overnight at 500 C and stored in a 
desiccator. 
A gas flow proportional counter Model PCC-11A, Nuclear M.easure-
nents Corporation, in conjunction with a Nuclear :Chicago, Model 186 
scaler were used to determine the activity in each sample. In most 
cases (low activity) 30 minute counts were made on each sample with 
a background count being performed between samples. 
The apparatus used for the in vitro radioisotope experiments 
consists of a plexiglass chamber measuring 10 inches wide, 24 inches 
long, and 1 inch deep (Fig. 1). Nineteen holes in the top of the 
chamber receive lucite tubes, 3.5 inches long x 0.75 inches in diameter, 
fitted with rubber "0" rings which provide a water-tight seal (Fig. 2). 
Two 13 gallon polyethylene reservoirs serve to hold synthetic sea-water 
(Aquarium Systems, Inc., Wickliffe, Ohio) which circulates through a 
leveling device into the chamber and out into another leveling device 
and then into the common drainage system. The entire chamber is 
immersed in an Instant Ocean Culture System, Model 250 (Aquarium 
Systems Inc.) (Fig. 3). Synthetic sea-water circulates at a continuous 
rate from the reservoirs through the chamber and out in order that any 
metabolic radioactive material being put out into the water might be 
diluted and moved away. The Instant Ocean Aquarium System maintains 
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a constant temperature (9.50  C ± 0.50  C) which is also the temperature 
maintained within the experimental chamber. 
The in vitro radioisotope experiments were set up as follows. 
A small piece of rubber membrane (specified previously) was glued to 
the end of each lucite tube by plastic rubber cement (specified 
previously). After removing the egg sacs from an adult female the 
parasite was attached to the rubber membrane. Under a dissecting 
microscope a small hole was punched in the surface of the rubber 
membrane by a #2 insect pin the diameter of which had previously been 
reduced electrolytically. After removal of the egg sacs the attachment 
button of the female parasite was inserted into the hole which in 
diameter was smaller than the diameter of the attachment button. The 
button once in place effectively plugged the hole. Thus the body of 
the parasite extended into the chamber from one side of the membrane 
while the attachment button was sealed off on the other side. Each 
mounted parasite was held in the aquarium until 19 parasites had 
successfully been mounted after which each tube was inserted into a 
•-• 
hole in the top plate of the experimental chamber. 
The stock solutions of glucose-UL-C14  (International Chemical 
and Nuclear Corp.), glycine-UL- C14 (Volk), stearic acid-UL- C14 (Nuclear. 
Chicago), and urea- c14  (International Chemical and Nuclear Corp.) were 
diluted to 1 microcurie/0.5 cc of synthetic sea-water. The calcium 
hydroxide-Ca45 solution (Atomic Corp. of America) was diluted to 0.5 
microcurie/0.5 cc of synthetic sea-water. Each isotope was used for 
one experiment. To start an experiment 0.5 cc of the respective diluted 
radioactive solution was transferred by a 2 cc syringe and needle into 
11 
each of. 15 lucite tubes (experimentals). Into each of the -four re-
maining tubes (controls) was placed 0.5 cc of synthetic sea-water. The 
radioactive solution and synthetic sea-water in the tubes surrounded 
the attachment buttons which were sealed off by the rubber membrane. 
The experiments proceeded for 24 hours after Which each parasite was 
removed from the tube by bisection of the maxillipedal "arms" so that 
tissues which had been in direct contact with the radioactive solution . 
were not used. Each parasite was placed in a separate preweighed vial 
and techniques of weighing, digestion, sample drying, and radioactivity 
counts followed the previously described procedures used for the in vivo 
experiments. Counts obtained from the digested parasites were corrected 
for counter. efficiency. Counts were made on all radioactive solutions. 
prior to use in the experiments to establish a base line of radioactivity. 
Student's "t" test was used to evaluate the difference between 
- the means of the experimental and control groups in the in vivo and in.  - 
vitro radioactive experiments. A "P" value of 0.05•or less was considered 
statistically significant. This same statistical procedure and ."P" value 
were used' to evaluate the results from the in vitro culture experiments 
described below. 
The in vitro parasite culture work comprised two experiments in 
which three media were used. . Experiment I employed skate blood serum 
for the experimentals and synthetic sea-water for the controls. In 
Exp. 2 skate blood serum (experimentals), minimum essential medium 
(Eagle) with Hanks base supplied by the Baltimore Biological Labora-
tories (experimentals), and synthetic sea-water (controls) were used. 
Chloramphenicol (100 micrograms per cc) was added to each medium. 
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After the initial preparation and handling of the media all were refri-
gerated at 5°  C during the experiments. 
• In Exp. 1 and 2 adult female parasites were designated experi-
mental or control by use of a random numbers table. In Exp. 1 two 
groups (experimentals and controls) of parasites of 17 each were used. 
In Exp. 2 three groups (experimentals, experimentals, controls) of 
parasites of 10 each were employed. 
Each separate experiment was initiated as follows. Adult female 
parasites were fastened by their attachment buttons to the rubber 
membranes of the lucite tubes using the technique described above. The 
tubes were inserted into holes drilled through a 0.25 inch thick plexi-
glass plate which covered the Instant Ocean Aquarium. The bodies of the 
parasites were completely immersed in the synthetic sea-water, but 
isolated from their attachment buttons by the rubber membranes. Into 
each tube was placed by needle and syringe 0.25 cc of the respective 
culture medium. 
Replacement of media, an evaluation of the condition of the 
parasites, and temperature records were accomplished daily (24 •hours) 
through the course of an experiment. In Exp. 1 the temperature in the 
aquarium was maintained at 12°  C (-I- 0.5°  •C). In Exp. 2 the temperature 
in the aquarium was held to 9.5°  C (-1- 0.5° C). 
RESULTS 
The 1,748 parasites, Charopinus dentatus, collected during the 
period 13 June 1962 to 26 June 1963 comprised 63 percent adult females', 
18.8 percent adult males, and 18.2 percent immature stages (Table 1). • 
The adult femalesoutnumbered the adult males and immature stages at 
any given time. No seasonal periodicity was noticed. 
Parasites collected from the mouth and pharyngeal mucosa of the 
host made up 89.8 percent (1,615) of the total, While only 10.2 percent 
(183) were recovered from the pelvic fins and the area which surrounds 
the vent (Table 1). Parasites were never collected in any stage from 
the gill filaments. 
• Female skates, :Rail binoculata, yielded an average of 91.2 para-
sites with a range of 2 to 223. Three of the nine female skates were 
heavily parasitized by 150, 171, and 223 organisms respectively.  
(Table 2). Male skates carried an average of 81.4 parasites with a 
range of 16 to 281. Two male skates showed infections of 190 and 281 
parasites (Table 3). By inspection the difference in the means between 
stages and total numbers from. female and male skates appears insigni-
ficant. 
Evidence of trauma such as redness or bleeding caused by the 
female parasites was not seen grossly or microscopically around the 
permanent site of attachment to the host. Males were frequently 
attached to the females, but in those instances where the male was 
attached to the host tissue, trauma induced by them was not seen. 
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Examination of Wright's stained smears of the gut contents from 
ten female parasites showed no red blood cells. The benzidine test 
for hemoglobin on gut content material from ten female parasites also 
yielded negative results. 
Material in the gut of living female parasites was observed as 
a light to dark green color seen readily with a dissecting microscope. 
Females held in culture dishes for a period of 2 to 4 weeks lost the 
green color from the gut usually observable in the midline. 
G.4 content material stained with hematoxylin and erythrosin 
.demonstrates cell-like structures occurring singly and in clumps (Fig. 
4). The single cell-like-structures measure 20 to 30 microns in 
diameter and varies in shape from round to oblong. A dense central 
area fills the greater part of the entire structure. Small round 
granules dispersed throughout are limited by a membrane-like structure. 
The central dense area does not take the hematoxylin stain, but stains 
light red from the erythrosin counterstain. Stained and unstained gut 
content material examined by Dr. Castenholz was thought either to be 
partially digested fragments of algae or some type of symbiotic fungus. 
Dr. Castenholz also suggested that the light green color of the material 
from the gut might represent intermediate breakdown products of 
chlorophyll A. 
The results of the ultraviolet examination of the gut content 
material are inconclusive. No definite pink fluorescence. from the 
green gut contents could be noted. Spectrophotometric examination of 
the gut contents following treatment with 'acetone produced a record 
as seen in Fig. 5. For comparison a sample of a dilute acetone 
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extract from the green alga, Ulva sp.:was examined spectrophoto-
metrically (Fig. 5). 
Histological sections (10 microns) and fresh preparations of the 
adult female attachment organ and host tissue interface demonstrate the 
following features (Fig. 640). The mushroom-shaped attachment button. 
is connected to the paired first maxillipeds by a yellowish hyaline rod 
which extends. from each maxillipedal "arm". The hollow rods project 
into a round hollow receptacle in the button. The cavity of the 
receptacle continues into the expanded part of the button and contains 
strings of tissue within, which partially fill the space. The distally 
expanded part of the button consists of a thin deeply-staining super-
ficial layer and a thick, lighter stained area. The thick area has 
striations which appear to be continuous with the tissue within the 
cavity. The proximal portion of the button also demonstrates two 
layers, but the thick area is more homogeneous than its counterpart 
distally. At the level of the attachment button each maxillipedal 
"arm" shows a bulbous projection laterally and narrows distally to 
surround the apex of the button... Each arm terminates with small paired 
projections, • each of which contains a granular dot. With Mallory's 
triple stain the outer layer of the button appears as a bluish-black 
line bounded. on either side with a thin red-stained area. The thick. 
layer stains red with black lines (striations), and the tissue in the 
button cavity a darker red. The rods stain light red and the cuticular 
covering of the maxillipedal "arms" covering the button apex appears 
blue. 
The button is situated between the epidermal and dermal. tissues 
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of the skate. The epidermal tissue of the skate extends up the 
maxillipedal "arms" to the level of the large lateral projections. 
Distal to the button a strong host tissue response is evident by the 
concentration of connective tissue elements. A paucity of vascular 
tissue is apparent in the immediate dermal area of the host contiguous 
to the attachment button. 
Experiments which involved separation of the adult female para- 
sites from the host show that those placed on a membrane which is sewn 
onto the skate do not survive in significantly greater numbers than 
those which were removed from the skate to the laboratory (Tables 5, 6). 
But, parasites which remained attached to the tissues of the skate 
survived in significantly greater numbers than either of the above 
(Tables 4, 5, 6). 
The in vivo distribution in time of glucose-C14  in the skate host 
as seen from counts of the gill filaments shows considerable variation 
(Appendix: Table 1.9) 	During Exp. 1 a gradual increase in radio- 
activity in the .samples is seen. In Exp. 2, 5, and 8 the highest levels 
of radioactivity are from samples taken 0.5 to 12.0 hours after injection 
of the isotope with a decrease after this time.. In Exp. 6 and 7 the 
highest counts occur from samples 16.0 hours post-injection, but as in 
Exp. 5-8 only two groups of samples (12 and 16 hr.) were collected. 
Table. 7 summarizes the data obtained from the radioisotope uptake 
. experiments, in the in vivo experiments in which all female parasites 
with and without attachment buttons were considered, the means of the 
• experimentals compared with the controls. showed a highly significant 
difference .(P<0.0005). The same was true when the means of only. the 
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experimentals without attachment buttons were compared with the means of 
the controls. 
The means of the experimental female parasites in the in vitro 
experiments in which glucose-C14  and glycine-C14  were used (Table 7) 
were different from the means of the controls (P< 0.0005). •The calcium-
45 and urea-C14  means also differed from the controls (P‹ 0.005) (Table 
7). The stearic acid-C14 means were not different from the means of 
the controls (Table 7). 
Results from two experiments in which three different culture 
• media were supplied in vitro to the attachment buttons of adult female 
parasites are recorded in Tables 8-12.. At the time Exp. 1 was termi-
nated the parasites had survived on a daily basis in greater numbers 
when supplied synthetic sea-water than those given serum from the skate 
(Tables 8, 9). This same trend prevailed.for 24 of the 26 days in 
Exp. 2 (Tables 10, 11). Although survival of the parasites 'is numerically 
greater with synthetic sea-water than with skate serum, the differences 
in survival time between these two groups in Exp. 2 were not significant 
(P = 0.20). Statistical analysis of the data from Exp. 1 (Tables 8, 9) 
was not done because the experiment was terminated before all organisms • 
were dead. 
When a tissue culture medium (Eagle) was supplied to 'adult 
female parasites a significant difference (P<0.01) in survival time is 
seen compared to parasites supplied with skate serum (Tables 11, 12). 
However, there is no significant difference (P<0.10) in survival time. 
between groups of adult female parasites given minimum essential medium 
(Eagle) and synthetic sea-water (Tables 10, 12). 
DISCUSSION 
Although the parasite, Charopinus dentatus, is unevenly distri- 
buted anatomically on a given host, Raja binoculata, (Table 1), the dis- 
tribution of the parasites on the two sexes of the host are essentially 
similar (Tables 2, 3). Members of the Lernaeopodidae are generally found 
on gills •and fins (Wilson, 1915). This fact has been suggested as 
evidence that these parasites are blood feeders (Wilson, 1915). 
In his original description of Charopinus dentatus, Wilson (19/2) 
used specimens collected from the gill arches of the host. I collected 
a large proportion of specimens from the mucosa of the roof and floor 
of the mouth and pharynx (Table 1), but only in heavily parasitized 
skate hosts were parasites collected from the mucosa lining the gill 
arches. Parasites were never collected from the gill filaments. 
The location of C. dentatus in the mouth and pharynx or around 
the pelvic region of the skate can be explained on the basis of the 
respiratory movements of the host and site preference of the parasite. 
Water, presumably containing the infective larvae (first copepodids), 
is drawn into the mouth and pharynx of the host and pushed across the 
gills to exit through the external gill slits. The flow from the 
external gill slits passes posteriorly across the dorsal and ventral 
surfaces of the pectoral and pelvic fins. I have observed this flow 
pattern numerous times. 
Larvae which do not attach in the mouth area would pass out with 
the flow of water. The dorsal surface of the host is covered by a 
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tough, scaly skin suggesting a poor place for attachment. The ventral 
surface is soft and smooth, but because a skate rests on this surface 
It also would be a poor site for a permanent attachment. On the dorsal 
and anterior surfaces of the pelvic fins and around the vent the skin 
is soft and some protection is afforded since the anterior portions of 
the pelvic fins are covered by the postero-ventral surfaces of the 
pectoral fins. I suggest that the attachment of the parasites to the 
mucosa of the mouth and pharynx rather than to the gills may be due to 
some site preference of the infective larvae, or that adults mature 
here because only here are supplied the nutritional factors necessary 
for development and maintenance. These two possibilities are not 
necessarily alternatives and both may be applicable. Fryer (1966) 
discusses the problems of host and specific site selection on a host 
by parasitic crustaceans. He concluded that not only is site selec- 
tivity exercised by aquatic larvae of parasitic crustaceans (parasitic 
copepods and others), but that gregarious behavior (a few larvae 
attract more) is demonstrated statistically by these organisms. Gre- 
garious activity is suggested by my data from the five skates heavily 
infected with Charopinus dentatus (Tables 2, 3). 
Microscopic examination of the host mucosal surface peripheral 
to the point of attachment of the adult parasites revealed no evidence 
of bleeding or trauma due to feeding by the parasites. Gut contents 
from female parasites showed no red blood cells in Wright's stained 
smears, and hemoglobin was absent as evidenced by the negative benzidine 
tests. These observations indicate that female Charopinus dentatus are 
not blood feeders. 
20 
Considerable evidence has accrued that many free-living copepods 
feed primarily on phytoplankton from which they obtain their nutrition 
(Anraku and Omori, 1963; Corner, 1961; Lebour, 1922; Marshall and Orr, 
1955a, 1955b, 1956; Urry, 1965). However, copepods considered to be 
parasitic are assumed to obtain their nutrition from the host. From 
the gut of adult females, C. dentatus, I consistently obtained cell-like 
material which varied from light to dark green in color (Fig. 4). Fecal 
pellets from the culture dishes in which the organisms were held also 
showed a green coloration, but generally lighter than material squeezed 
from the gut. 
Regardless of the inconclusive results obtained by ultraviolet 
examination of gut contents, spectrophotometric observation yielded some 
information. A dilute acetone extract of the gut contents produced an 
absorption curve with maxima at 670 and 410 millimicrons (Fig. 5). For 
comparison a dilute acetone extract of Ulva, a marine chlorophyte, 
showed maxima at 663 and 430 millimicrons (Fig. 5). Comparison of the 
two curves shows a shift from 663 to 670 millimicrons in the smaller 
peak and 430 to 410 millimicrons in the larger peak. 
Gorham (1960) compared acetone extracts of the living and dead 
diatom, Melosira, which produced shifts in the absorption peaks from 
approximately 435 to 410 millimicrons, and from about 620 •to 605 milli-
microns. In a comparison of absorption curves of phytoplankton and 
feces from the free-living marine copepod, Calanus finmarchicus, Currie 
(1962) showed clearly a shift in maxima from 435 to 410 millimicrons, 
625 to 610 millimicrons, and a small shift from 665 millimicrons to 
longer wavelengths. Although my data show only two peaks (670 and 410) 
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the shift compares favorably at the low end of the Curve with Gorham's 
results and at either end of the curve with Currie's measurements. 
The breakdown of chlorophyll A to phaeophytin A is brought about 
by contact with acid (Smith and Benitez, 1955). This process is readily 
accomplished when phytoplankton passes through the gut of a zooplankter 
(Currie, 1962). Absorption maxima shown by Gorham (1960), Currie (1962) 
and in this study are comparable to similar maxima produced by pure 
extracts of phaeophytin A (Smith and Benitez, 1955). However, pure 
extracts of phaeophytin A show several maxima not represented in data 
from natural sources (Smith and Benitez, 1955). Apparently these maxima 
are obscured by the high absorbance of other materials (Currie, 1962; 
Orr and Grady, 1957) or because of the much lower absorptivity of 
chlorophyll degradation products •than of chlorophyll itself (Aronoff, 
1950). 
Based on the accumulated evidence, the material from the gut of 
female Charopinus dentatus is suggestive of plant degradative products. 
The value of this material to the nutrition of the organism is unknown. 
Another means by which the adult female C. dentatus could possibly 
obtain nutrients is the attachment organ. Materials passing from the 
host tissue to the parasite would have to travel through several layers 
of tissue and at least two cavities to enter the maxillipedal "arms" of 
the parasite (Fig. 6-10). Once inside the parasite, nutrients could be 
transported readily by the fluid of the hemocoel. 
The host apparently contributes some essential factor or factors 
to the female Charopinus dentatus. This is evidenced by the results 
from the experimental separation of the female parasites from the host. 
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Females removed from a direct attachment to the host tissues died in 
greater numbers than those permanently attached (Tables 4, 5, 6). When 
the data in Tables 4, 5, and 6 are viewed as an accumulated percent 
mortality, parasites which remained on the skates for 8 days died in 
significantly fewer numbers (67) than the two groups of parasites (657 
and 607) removed from the host (Table 13).* 
Radioisotope experiments designed to test the possibility of 
uptake into female parasites through the attachment organ showed a 
significant uptake of all radioactively labeled compounds used in vivo 
and in vitro except stearic acid- c14 (Table 7). In the in vivo glucose- 
14 C experiments the mean net counts per minute per gram of tissue of the 
female parasites correspond generally with the somewhat higher counts 
from host mucous membrane and gill filaments (Table 14). The level of 
counts from the skate tissue correlated roughly with the size of the 
skate (Table 14). The two smaller skates (Exp. 1, 2) showed tissues 
with the highest mean net counts per gram per tissue and parasites from 
these skates also showed the highest counts (Table 14). Thus, it does 
not appear on the basis of these data that a selective concentration of 
glucose-C14 from the host tissue takes place. 
Although all radioactively labeled compounds except stearic acid- 
14 C were taken up in significant amounts in the in vitro experiments, 
considerable variation with the compound used exists (Table 7). The 
percent uptake in millimoles does not vary directly with the millimoles 
of labeled compound available to the parasites (Table 15). With the 
exception of urea-C'4 and Ca450H the percent uptake appears to be more 
closely correlated with the molecular size of the compound being given 
23 
(Table 15). Based on molecular size, urea-C14  and Ca45  OH should have 
been taken up in greater amounts than the other compounds, but only 
stearic acid-C'4  showed less percent uptake (Table 15). Factors such 
as membrane selectivity and concentration of the compound in the para-
sites may explain these results. 
Elasmobranch fishes are generally known to maintain high con-
centrations of urea in their tissues and circulating fluids. One could 
speculate that the female parasites, i_nus dentatus, may also have 
a high urea content made available by the skate host. Thus, the amount 
of urea which could enter the parasites might be less than expected on 
the basis of molecule size. 
While these data demonstrate nutrient uptake by the attachment 
organ, they do not indicate whether the amounts are sufficient to main-
tain the metabolic needs of the parasites. 
Interpretation of the data from the in vitro culture experiments 
(Tables 8-12) is difficult. There is an apparent difference in survival 
time between parasites supplied skate serum and parasites given the 
other two media. Although this difference is significant at the 57. 
level only in the case where minimal essential medium (Eagle) is 
compared to skate serum, parasites supplied skate serum consistently 
survived in fewer numbers. 
One might assume that the best results would be obtained in the 
in vitro culture of metazoan parasites when fluids used are taken from 
the adult host in or on which a parasite lives. However, this has not 
generally been true with helminth parasites (Silverman, 1963; Weinstein 
and Jones, 1959). In the case of adult female Charopinus dentatus, serum 
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may not represent a medium which is nutritionally significant. The 
attachment buttons are found embedded within the host tissues. If one 
assumes that the physicochemical nature of the tissue fluids is somewhat 
different than that of blood serum, then it is possible that serum would 
not provide the necessary requirements for an in vitro culture medium. 
In fact more simple chemical media may come closer to duplication of the 
skate tissue environment than serum. 
Other factors such as removal of toxic metabolic products, 
quality of nutrients in the media, and various physical conditions which 
have been found to be significant in in vitro culture of helminths 
(Smyth, 1959; Stoll, 1959; Weinstein and Jones, 1959) may be important 
in explaining the differences obtained in the in vitro culture experi-
ments with C. dentatus. However, because of the preliminary nature of 
these experiments any suggested explanation must be considered specu-
lative at this point. 
How do these results relate specifically to the questions con- 
cerning the copepod-host relationship? 
removed from the skate survive in fewer 
attached to the host tissues (Tables 4, 
for the assumption that these organisms 
Since adult female 
numbers than those 
5, 6, 13), there is 





considerably which are dependent on a host environment; this may include 
more than nutritional materials from the host (Geiman, 1964; Lincicome, 
1963; Rogers, 1962). The following evidence strongly suggests the 
• intake of potential food materials of plant origin from the environment 
surrounding the host: location of the parasites on the host (Table 1), 
lack of observational, physical, and chemical data showing the parasites 
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to be blood feeders, and the physical and chemical nature of material 
taken from the gut of female copepods (Fig. 4, 5). A similar suggestion 
for other parasitic copepods has not been found in my literature search. 
Although, adult female parasites, CI aropinus dentatus, may obtain 
potential food materials from sources outside of the host, the results 
from the in vivo and in vitro radioisotope experiments (Table 7) 
suggest another possible nutritional avenue. These data in ,conjunction 
with the histology of the attachment organ invite speculation that the 
parasites could receive from the tissue fluids of the host, nutrients 
and/or other substances which may be of significance in growth, main-
tenance, and reproduction of the parasites during this stage in their 
life history. 
While the data above shed some light on the means by which adult 
females of C. dentatus may obtain their nutrition from the host and the 
surrounding environment, information concerning requirements for 
specific nutrients has not been obtained. Although the results from 
the preliminary in vitro culture experiments are of interest, more 
parasites are needed to determine the value of one culture medium over 
• another. It will probably take many different approaches in in vitro 
culture work to obtain definitive information about the nutritional 
needs of Charopinus dentatus. 
SUMMARY 
A detailed evaluation of the parasitic copepod-host nutritional 
relationship in the family Lernaeopodidae is lacking. The objective of 
this study was to determine the means by which the females of 21.2=inus 
dentatus could obtain their nutrition. 
The location of the parasites on the skate, the absence of evi-
dence that they are blood feeders, and the physical and chemical nature 
of the gut contents are suggestive that plant materials may be a food 
source. 
The histological make-up of the female attachment organ is such 
that •nutrients could pass from host tissue to parasite. In vivo and 
in vitro radioisotope experiments showed a significant uptake through 
female attachment organs of four of five labeled compounds made avail-
able. The histological and radioisotope experimental evidence taken 
together indicate that the parasites may obtain nutrients and/or other 
substances from host tissues. 
Preliminary culture experiments in which three different culture 
media were made available to the parasites through their attachment 
organs indicate that artificial media may be tolerated better by the 
parasites than host serum. 
Since parasites removed from the host do not survive as long as 




TABLE 1. Distribution of all stages of parasites, Charpir2us, dentatus, 
collected from twenty one skates, 11.1L binoculata, during the 











males 	stages 	Total 
338 	327 	1798 
16.7 	15.5 	85.6 
18.8 	18.2 	100 
320 	316 	1615 







from mouth and 
pharynx 
Number collected 



























TABLE 2. Distribution of all stages of parasites, Charopinus dentatus, on female skates, ytaA2 
binoculata, which were collected from 13 June 1962 to 26 June 1963. 
Female 
	
Adult female 	Adult male 
	
Immature stages 	• Total 















* Mean No. 
** Mean No. 
+ Mean No. 
++ Mean No.  
of adult female parasites/skate 
of adult male parasites/skate 
of immature parasites/skate 
of all stages of parasites/skate 
TABLE 3. Distribution of all stages of parasites, Charopinus dentatus, on male skates, Raja, 
binoculata which were collected from 13 June 1962 to 26 June 1963. 
Female 
	
Adult female 	Adult male 	Immature stages 	Total 





























































14.4+ 	281 	81.4++ 
977 
* Mean No. 
** Mean No. 
+ Mean No. 
++ Mean No.  
of adult female parasites/skate 
of adult male parasites/skate 
of immature parasites/skate 
of all stages of parasites/skate 
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TABLE 4. Survival time of female Charopinus dentatus after mechanical 
manipulation but remaining attached by their attachment organs 
to the host, Lail binoculata. Pooled data represent sample 
sizes of 4, 26, and 20 each. Each sample remained attached to 
separate skates and was run as a separate experiment. 
Condition 
 
Days after initil.tiloiljoi_t_hperiment 
 
   
0 	1 	2 	3 	4 	5 	6 	7 	8 
Alive 	50 	50 	50 	50 	49 	49 	49 	49 	47 
Dead 0 	0 	0 	0 	0 	0 	0 	0 	2 
Lost 	0 	0 	0 	0 	1 	1 	1 	1 	1 
TABLE 5. Survival time of female Charopinus dentatus attached to a mem, 
brane which was sewn onto the host, 	binoculata, but 
without feeding access to the host. Pooled data represent 
sample sizes of 15, 15, 25, and 40 each. Each sample came 
from one skate and was run as a separate experiment. 
Condition Days after initiation of the experiment 
  









Alive 	95 	94 	90 	83 	65 	62 	49 	46 	33 
Dead 0 	0 	4 	10 	27 	27 	40 	41 	53 
Lost 
	
0 	1 	1 	2 	3 	6 	6 	8 	9 
TABLE 6. Survival time of female Charopinus dentatus attached to a mem-
brane which was placed in running sea-water in the laboratory. 
Pooled data represent sample sizes of 15, 15, 25, and 40 each. 
Each sample came from one skate and was run as a separate 
experiment. 
Condition 	Da s after initiation of the ex eriment 
0 	1 	2 	3 	4 	5 	.6 	7 	8 
Alive 	95 	94 	86 	76 	57 	50 	44 	43 	38 
Dead 0 	0 	8 18 	37 	44 	50 	51 	55 
Lost 	 1 	1 	1.1. 	2 
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TABLE 7. Statistical analysis by Student's "t" of the in vivo and in 










females of tissue 
In vivo - glucose-C14 
Experimentals 







In vivo - glucose-C14  
Experimentals 
(without attachment 
buttons) 	31 	1278 
Controls 16 402 
In vitro - glucose-C14  
Experimentals 	15 	6744 
Controls 4 69 
In vitro - glycine- c14 
Experimentals 	15 	16053 
Controls 4 335 
In vitro - calcium-45 
Experimentals 	14 	1218 
Controls 4 0 
In vitro - urea-C14  
Experimentals 	15 	4921 






In vitro - stearic acid-C14  
Experimentals 	15 	48 	not 
Controls 4 217 significant 
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TABLE 8. Survival time of seventeen female Charopinus dentatus  
(controls) supplied with synthetic sea-water for uptake 
through the attachment organs (Exp. 1). 
Condition Da s after initiation of the ex eriment 
  
0 1 2 3 4 5 6 7 8 9 10 11 
Alive 
	
17 17 13 10 9 8 8 7 7 7 6 6 
Dead 0 0 4 7 8 9 9 10 10 10 11 11 
Days after initiation  of the experiment 
12 13 14 15 16 17 18 
Alive 	5 	5 	5 	5 	5 	5 	5 
Dead 12 12 12 12 12 12 12 
TABLE 9. Survival time of seventeen female• Charopinus dentatus (experi-
mentals) supplied with skate serum for uptake through the 
attachment organs (Exp. 1). 
Condition 
 
Days after initiation of the experiment  
 
   
0 1 2 3 4 5 6 7 8 9 10 11 
Alive 
	
17 17 11 7 5 5 5 4 4 4 4 4 
Dead 0 0 6 10 12 12 12 13 13 _13 13 13 
Days after initiation of the experiment 
12 13 14 15 16 17 18 
Alive 
	
3 	3 	3 	3 	3 	3 	3 
Dead 14 14 14 14 14 14 14 
TABLE 10. Survival time of ten female Charopinus dentatus (controls) 
supplied with synthetic sea-water for uptake through the 
attachment organs (Exp. 2) 
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Condition 	Da s after initiation of experiment 
0 1 2 3 4 5 6 7 8 9 10 11 
Alive 
	10 10 10 10 
	
9 9 9 9 
Dead 0 	0 	0 	0 1 	1 	1 
Da s after initiation of experiment 





















Days after initiation of experiment 




Dead 8 9 10 
TABLE 11. Survival time of ten female .g.L12.1Einal dentatus (experi-
mentals) supplied with skate serum for uptake through the 




Da s after initiation of experiment 
 
   
0 1 2 3 4 5 6 7 8 9 10 11 
Alive 
	
10 10 10 9 7 6 6 5 5 4 4 4 
Dead 0 0 0 1 3 4 4 5 5 6 6 6 
Days after initiation of experiment 
12 13 14 15 16 17 18 19 20 •21 22 23 
Alive 	3 	3 	3 	3 	3 	3 	3 	3 	2 	2 	2 	1 
Dead 7 	7 	7 	7 	7 	7 	7 	7 	8 	8 	8 	9 
Days after initiation of experiment  
24 25 26 
Alive 
	1 	1 	0 
Dead 9 9 10 
TABLE 12. Survival time of ten female Charopinus dentatus (experi-
mentals) supplied with minimum essential medium (Eagle) 
for uptake through the attachment organs (Exp. 2). 
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Condition Days after  initiation of ex eriment 
  
0 1 2 3 4 5 6 7 8 9 10 11 
Alive 
	
10 10 10 10 10 10 9 9 9 9 9 9 
Dead 0 	0 	0 	0 	0 	0 	1 	1 	1 	1 	1 	1 
Days after initiation of experiment  
12 13 14 15 16 17 18 19 20 21 22 23 
Alive 
	
9 	9 	9 	9 	8 	8 	8 	8 	6 	6 	6 	5 
Dead 1 	1 	1 	1 	2 	2 	2 	2 	4 	4 	4 	5 
Da s after initiation of.periment 
24 25 26 27 28 29 30 31 32 33 
Alive 
	
4 	3 	3 	2 	2 	1 	1 	1 	1 	0 
Dead 6 7 7 8 8 9 9 9 9 10 
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TABLE 13. A daily comparison by accumulated percent mortality of. three.  
groups- of female Charopinus dentatus. One group remained on 
the host, a second group was attached to a rubber membrane - 
which was sewn onto the host, and a . third group was attached 
to a rubber membrane in an aquarium in the laboratory,. Pooled 
sample sizes for each group were 50, 95, and 95 respectively. 
Results given in percent mortality. 
Days after initiation of the experiment 
0 	1 	2 
	








0 	1.1 	5.3 	13.7 	31.6 	34.8 	48.4 	52.6 	65.3 
On membrane in 
laboratory 0 1.1 9.3 20.0 40.0 47.4 53.7 54.7 60.0 
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TABLE 14. A comparison of the radioactivity in mean net counts per min 
per gram of two tissues from the skate, Raja binoculata, and 
whole bodies of female Charopinus dentatus. The weight of 
skate used in each experiment is given. 
Mean net counts/min/ 
Experiment 	Wt of 	Mucous 	Gill 






















776 ( 2) 
974 ( 2) 
1425 ( 2) 
295 ( 2) 






( ) = number of samples 
1.0 0.0001 3.47 X 1 9.2 X 104 
Stearic 
14 acid C 
289.47 
-4 3.48 X 10 
-5 
3.77 X 10-1°  
TABLE 15. A comparison of the amount of uptake (MM/gm) into female Charopinus dentatus of the various 









4 Ca 5  OH 
74.10 






5 2.1 X 10 
6.6 X 104 
7.4 X 102  











-4 1.54 X 10 
-4 
5.21 X 10 









4.86 X 10 
1.15 X 10-2  
8.78X 10-4  










1.19 X 10-6  













Figure 1. Plexiglass experimental chamber. A, inserted lucite tubes. 
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Figure 3. Instant Ocean Culture System in which the experimental chamber 
is immersed. 
Figure 4. Single cell-like structure from the gut contents of female 
Charopinus dentaLts. 
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Figure 5. Spectrophotometric record of an acetone extract of gut content 
material pooled from 300 female Ctpays dentatus. Compari-
son is made with an acetone extract of the marine alga, Ulva. 
_ 
•  










.WAVELEN' LTH IN trIULLIMICRONS • 
Figure 6. Composite drawing of a sagittal section of the attachment 
organ-host interface of the adult female, Charopinus dentatus. 
a, cuticle (body wall); b, large lateral projection of 
maxillipedal 'arm"; c, small lateral projection; d, cavity 
(with tissue inside) of the attachment organ; e, striations 
(canals); f, thin layer of attachment organ; g, thick layer 
of attachment organ; h, rod; i, muscle. 
46 
Figure 7. Photomicrograph of the attachment organ-host interface of the 
adult female Charopinus dentatus. Mallory' triple stain. 
A, attachment button, B, small lateral projection; C, large 
lateral projection of maxillipedal "arm"; D, host tissue, 
epidermis; E, host tissue, dermis-reactive area. 
Figure 8. Photomicrograph of the attachment button of the adult female, 
Charopinus dentatus, in situ. Hematoxylin and eosin stain.. 
A, striation in thick area; B, cavity and receptacle; 
C, Tissue in cavity; D, rod. 
48 
Figure 9. Photomicrograph of a whole mount of the attachment organ-host 
interface of the adult female, Charopinus dentatus. Unstained. 
A., attachment button; B, small lateral projection of 




Figure 10. Photomicrograph of a whole mount of the attachment button 
and rods of the adult female, Charopinus dentatus. Un-
stained. A, attachment button; B, rods. 
50 
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APPENDIX 
Size in am & 
sex of skate 
47.72 - Female 
91.44 - Male 
121.92 - Female 
76.20 - Male 
53.34 - Male 
137.16 - Male 
Number & location of 
narasites on skate  
1 - Pelvic fins 
3 - Mouth & pharynx 
7 - Pelvic fins 
17 - Mouth & pharynx 
15 - Pelvic fins 






5 - Pelvic fins 
7- 8-62 
	
67 - Mouth & pharynx 
22 - Pelvic fins 
7-28-62 
	
7 - Mouth & pharynx 
4 - Pelvic fins 
8-14-62 	107 - Mouth & pharynx 
20 - Pelvic fins 
114.70 - Female 	9-17-63 	130 - Mouth & pharynx 
TABLE 16. Numbers and distribution of parasites, 2h2E22i222.dentatus, collected from the host, Raja  




Number of each developmental 
stage of parasite on skate 
3 - Mature female 
1 - Mature male 
16 - Mature female 
4 - Immature female 
4 - Mature male 
73 - Mature female 
9 - Immature female 
4 - Mature male 
50 - Mature female 
19 - Immature female 
3 - Mature male 
19 - Mature female 
4 - immature female 
6 - Mature male 
70 - Mature female 
13 - Immature female 
28 - Mature male 
117 - Mature female 
7 - Immature female 
22 - Mature male 








TABLE 16 (Continued). Numbers and distribution of parasites, Charopinus dentatus, collected from the 
host, Raja binoculata, from 13 June 1962 to 26 June 1963. 
Total number 
Number & location of 	Number of each developmental 
	of parasites 
arasites on skate stage of urasite on skate 	collected 
22 - Pelvic fins 
	142 - Mature female 
168 - Mouth & pharynx 
	12 - Immature female 
	
190 
36 - Mature male 
Size in cm & 
	
Date 
sex of skate collected 
91.44 - Male 
	9-19-62 
99 - Mature female 
5 - Immature female 
114.70 - Female 	9-20-62 	112 - Mouth & pharynx 	1 - First stage female 	112 
7 - Mature male 
91.44 - Male 
48 - Mature female 
8 - Immature female 
9-25-62 	73 - Mouth & pharynx 	2 - First stage female 
10 - Mature male 
4 - First stage male 
1 - Undetermined 
73 
i - Mature female 
12 - Pelvic fins 	6 - Immature female 
91.44 - Male 	10-30-62 	99 - Mouth & pharynx 	8 - First stage female 	111 
34 - Mature male 
2 - First stage male 
11 - Pelvic fins 	17 - Mature female 
91.44 - Male 	10-30-62 	16 - Mouth & pharynx 	4 - Immature female 	27 
6 - Mature male 
45.72 - Female 	10-30-62 	2 - Mouth & pharynx 	2 - Mature female 	2 	Ln GAN 
TABLE 16 (Continued). Numbers and distribution of parasites, Charopinus dentatus, collected from the 
host, Raja binoculata, from 13 June 1962 to 26 June 1963. 
Total number 
of parasites 
arasites on skate 	sta e of arasite on skate 	collected 
Size in am & 	• Date 
sex of skate collected 
Number & location of 	Number of each developmental 
97 - Mature female 
17 - Immature female 
144.78 - Female 	11-20-62 	166 - Mouth & pharynx 	13 - First stage female 
40 - Mature male 
4 - First stage male 
107 - Mature female 
5 - Pelvic fins 	44 - Immature female 
144.78 - Female 	12-31-62 	218 - Mouth & pharynx 	21 - First stage female 	223 
46 - Mature male 
5 - First stage male 
91.44 - Male 	3-10-63 	22 - Mouth & pharynx 	18 - Mature female 	22 
4 - Immature female 
• 14 - Mature female 
91.44 - Male 	4-15-63 	21 - Mouth & pharynx 	4 - Immature female 	21 
3 - Mature male 
3 - Pelvic fins 	12 - Mature female 
91.44 - Male 	6-17-63 	13 - Mouth & pharynx 	3 - Immature female 	16 
1 - Mature male 
5 - Pelvic fins 
171 
• 
TABLE 16 (Continued). Numbers and distribution of parasites, Charopinus dentatus, collected from the 
host, ,Raja binoculata, from 13 June 1962 to 26 June 1963. 
Total number 
of parasites , 
collected 
Size in cm & 
sex of skate 
Date 	Number & location of 
	
Number of each developmental 
collected , 	parasites on skate 	stage of  parasite on skate 
23 - Mature female 
5 - Immature female 
37.16 - Female 	6-17-63 	7 - Pelvic fins 	7 - First stage female 
	
59 
52 - Mouth & pharynx 	19 - Mature male 
5 - First stage male 
1 - Mature female 
1 - Pelvic fins 	4- Immature female 
152.40 - Female 	6-17-63 	13 - Mouth & pharynx 	5 - Mature male 
	14 
- First stage male 
144 - Mature female 
43 - Pelvic fins 	66 - Immature female 
91.40 Male 
	6-26-63 	238 - Mouth & pharynx 	8 - First stage female 	281 
63 - Mature male 
TABLE 17. In vivo uptake of glucose-C
14  from the skate host, 2212 binoculata, into female Charopinus  
dentatus. 
Attachment 
button 	Hours 	SamPle count (chn)  
Experiment 	Female wt 	present (+) after Gross 	Net 
number in mg or absent (-) 	Injection 	count count + 2SD 
Net counts 
per min per 
g of tissue 
1 	40 	- 	7.5 	42.4 	1. + 3.32 	125 _ 
1 50 - 11-5 42.4 6 + 3.24 600 
1 13 + 14.5 	64.0 	0 7-1- 4.12 0 
1 	55 	+ 	16.5 53.2 17 + 3.46 	1545 ..... 
1 10 + 16.5 	.76.0 	12 + 4.22 6000 _ 
1 	52 	+ 	16.5 	51.6 	12 + 3.48 	1153 
1 70 4- 16.5 48.6 .9 . t 3.46 642 
1 43 + 16.5 	44.3. 	5 ± 3.44 581 
1 	65 	+ 	16.5 55.4 15 + 3.56 	1153 .... 
Total 11799 
• Mean 	1311 
2 	58 	+ 	3.5 	67.5 	23 + 3.86 	1982 
2 46 - 3.5 51.0 6 + 3.56 652 
2 63 + 3.5 	65.8 	21 + 3.84 1666 
2 	50 	+ 	3.5 63.8 19 + 3.80 	1900 
2 43 - 6.5 	163.4 	99 + 5.50 
11511 
2 	42 	+ 	6.5 	66.0 	2 + 4.16 	238 
2 23 - 6.5 61.5 0 + 4.08 
0 
2 47 - 6.5 	98.2 	34 + 4.64 3617 
2 	51 	- 	9.5 73.0 10 + 4.26 	980 
2 44 + 9.5 	57.1 	16 + 3.62 1818 




Experiment 	Female wt 	present (+) 






per min per 
g of tissue 
Gross 	Net 
count count + 2SD 
001•0 
       
       
34 	+ 	9.5 	73.0 	10 + 4.24 	1470 
33 .. 9.5 81.0 18 + 4.36 2727 
44 + 12.5 	74.0 	27 + 4.02 3068 .... 
39 	+ 	12.5 50.0 2 + 3.60 	256 
65 - 12.5 	58.0 	10 7 3.76 769 
2 	44 	- 	12.5 	68.0 	20 .+ 3.92 	
2272 
2 57 + 15.5 112..0 64 71- 4.62 561.4 
2 49 + 15.5 	79.0 	31 t,4.10 
3163 
2 	48 	+ 	15.5 82.0 34 ± 4.16 	
3541 
2 51 + 15.5 	78.0 	30 + 4.08 
2941 ..... 
2 	43 	- 	16.5 	57.0 	0 + 4.00 	
0 
2 29 + 16.5 65.0 1 + 4.44 
172 
2 31 + 	• 	 16.5 	62.0 	0 + 4.08 
• 	0 
2 	23 	- 16.5 67.0 23 + 3.84 	
, 5000 
Total 55357 
• Mean. 	2307 
5 	22 	+ 	4.0 	40.0 	0 + 3.30 	
0 
5 33 - 4.0 	• 	41.0 • 	0 + 3.30 
• 0 
5 31 	• 	 + 4.0 • 42.0 0 + 3.30 
0 
5 	27 • 	+ 	• 	 4.0 	36.0 	0 + 3.10 	
0 
5 22 8.0 30.0 0 + 3.18 






























0 + 3.34 
9 + 4.24 
8 + 3.36 
8 + 4.12 
0 + 3.98 
2 + 4.02 
0 + 3.98 
0 + 4.00 
1 + 4.02 
0 + 3.96 
	
4 + 4.04 	800 
7 + 4.10 1000 
0 + 3.76 o 



































Experiment 	Female wt 	present (4) 
number in mg or absent (-) 
Hours 	Sample count (elm).  
after . Gross 	Net 
Injection 	count count + 2SD 
Net counts 
per mm n per 
g of tissue 
       


















0 +3.18 	0 
0 + 3.18 0 
5 + 3.30 1562 
1 + 3.24 	2'63 
2 7 3.26 434 
TABLE 17 Continued). In vivo uptake of glucose-C14 from the skate host, /Raja binoculata, into female 
Charopinus dentatus. 
Attachment 
button 	Hours 	Sample count (c/ ) 	Net counts 
Experiment 	Female wt 	present (+) after Gross 	Net 	per min per 
number in mg or absent (-) 	Injection 	count count + 2SD 	g of tissue 
- 8.0 	40.0 	1 477 3.24 161 
	
_ 	8.0 43.0 4 t 3.30 	3333 
- 8.0 	42.0 	3 t 3.26 2500 
- 12.0 42.0 4 t 3.24. 2500 
+ 	12.0 	45.0 	0 + 3.46 	0 _ 
12.0 	44.0 	0 ± .3.44 0 
12.0 44.0 0 t 3.44 0 
16.0 	41.0 	0 + 3.36 	0 
16.0 47.0 3 + 3.46 625 
16.0 	46.0 	2 ± 3.46 666 
16.0 43.0 0 ± 3.40 	0 
Total 12044 
Mean 	753 
7 	24 	 4,0 	43.0 	3 + 3.32 	.625 
7 • 17 + 	4.0 40.0 0 7 3.26 0 
7 23 + 4.0. 	42.0 	2 IT 3.30. 434 
7 	17 	• + 8.0 46.0 2 T 3,44 	625 
7 22 .-.1- 	8.0 	. 41.0 	0 ±'3.34 ' 0' 
7 	14 8.0 44.0 	0 + 2.36 __ 0 
7 32 	+ 	12.0 	43,0 0 74- 3.42 	0 
7 25 - 12.0 43.0 	0 T 3.42 0 
7 	15 - 12.0 	43.0 0 	 . T 342 __ .. • 0 








6 	17 	+ 
6 20 + 
6 16 + 
6 	24 	+ 
6 15 + 
6 15 + 




Experiment 	Female wt 	present (+) after 
number in mg or absent (-) 	Injection 
Sample count ( / )  
Gross 	Net 
count count + 2SD 
Net counts 
per min per 































8 	13 	4- 	8.0 
8 32 + 8.0 
8 31 + 8.0 
8 	21 12.0 
8 20 	.. 	12.0 
8 	22 /2.0 
8 24 12.0 




8 27 16.0 
8 24 16.0  
0 + 3.40 
0 T 3.54 
	
2 ± 3.56 
	
416 
0 + 3.28 
0 + 3.76 
1 + 3.42 
	
384 
O + 3.40 
0 + 3.42 
0 + 3.30 
0 + 3.22 
0 + 3.26 
0 + 3.20 
1 + 3.24 	135 
0 + 3.28 
2 + 3.38 357 
3 + 3.40 	625 
Total 1917 
Mean 	120 
Grand Total 90847 


























or absent (-) 
 
pple count (c/m)  Net counts 
per min per 
g of tissue 






count count + 2SD 
35 	-r 	 40.0 
	
0 + 3.26 







2 + 3.30 555 





2 + 3.30 344 
39.0 	0 + 3.24 
	
0 
43.0 3 + 3.30 1071 
41.0 	1 + 3.28 250 
44.0 4; 3.30 833 
39.0 	0 71.- 3.24 
	
0 
42.0 	2 + 3.30 769 
43.0 3 + 3.32 	1666 
41.0 	0 + 3.30 0 
42.0 IT 3.32 250 
39.0 	0 + 3.26 0 
43.0 2 + 3.34 	476 
Total 6431 
Mean 402 
TABLE 19. Distribution of glucose-C14  in the skate, Raja binoculata, and in the water from the experi-
ment tank. 





Hours 	Sam ale count c/ ) 	Net counts 
after Gross 	Net 	per min per 
Injection 	count count + 2SD 	g of tissue 
	
0.5 	50 	2 + 3.62 
1.5 /0 22 + 3.96 
2.5 	76 	28 + 4.06 
3.5 57 9 + 3.74 
4.5 	143 	95 + 5.04 .... 
5.5 	195 	146 + 5.68 
6.5 143 95 + 5.04 
7.5 	120 	79 + 4.62 
8.5 139 98 + 4.90 
9.5 	168 	127 + 5.26 
Gill filaments 	50 	10.5 	114 	73 + 4.58 	7300 
Gill filaments 160 11.5 209 168 + 5.76 5250 
Gill filaments 	137 	12.5 	190 	153 + 5.48 5583 
Gill filaments 131 13.5 238 201 + 6.04 	7671 
Gill filaments 	110 	14.5 	221 	184 + 5.84 8363 __ 
Gill filaments 	200 	15.5 	228 	191 + 6.04 	4775 __ 
















Gill filaments 	22 
Gill filaments 125 
Gill filaments 	195 
Gill filaments 171 
Gill filaments 	280 
Gill filaments 	105 
Gill filaments 268 
Gill filaments 	114 
Gill filaments 126 



















per min per 
g of tissue Sample 
Sample count 	/ ) 
Gross 
	Net 


















841 + 11.14 





527 + 7.44 
123 
	











2 	Gill filaments 	•233 	5.5 	782 	718 717 10.60 
2 Gill filaments .251 6.5 • 668 604 + 9.88 
2 	Gill filaments 	'260 7.5 	713 	672 ± 10.02 
2 Gill filaments 263 	8.5 624 582 + 9.40 






TABLE 19 Continued). Distribution of glucose-C14 in the skate, 22ja binoculata, and in the water from 
the experiment tank. 
2 	Gill filaments 	457 	10.5 	570 	522 + 9.06 	5711 
2 Gill filaments 375 11.5 525 477 + 8.64 6360 
2 	Gill filaments 	182 	12.5 	618 	570 + 8.82 	15569 
2 Gill filaments •299 13.5 393 345T 7.66 6927 
2 	Gill filaments 	373 	14.5 	537 	489T 8.82 6554 
2 	Gill filaments 	335 	15.5 	429 	381 + 7.96 	6402 
2 Gill filaments 405 16.5 762 698 + 4.24 8617 
Total 193192 
Mean 	11364 
TABLE 19 (Continued). Distribution of glucose- 1 in the skate, Lliabinoculata and in the water from 












• Sample count (c/m) 	Net counts 
Gross. 	Net 	per min per 






161 	61 -4- 4.90 1073 




Gill filaments 	392 	12.0 	134 	70 + 4.84 	892 
Gill filaments ' 416 16.0 131 87 -71:- 4.82 1055 
Total 	1947 
Mean 974 
Gill filaments 	171 	12.0 	87 	42 4.- 4.18 	1228 
Gill filaments • 151 16.0 88 49 -1.- 4.10 1622 
Total 	2850 
Mean 	1425 
Gill filaments 	248 	12.0 	54 	15 4- 3.56 	302 
Gill filaments 156 16.0 51 9 --1- 3.52 288 
Total 	590 
Mean 295 
Grand Total 272900 
Grand Mean 	6498 
TABLE 19 (Continued). Distribution of glucose- 14 in the skate, ,Raja, binoculata, and in the water from 








Sample count (c/m) 
Gross 	Net 
count count + 2SD 
Net counts 
• per min per 















19 + 3.66 
93 + 4.86 






2 	Mucous membrane 	214 	3.5 	468 	423 -4- 8.26 	9883 
2 Mucous membrane 183 6.5 339 275 + 7.32 7513 
2 	Mucous membrane 	292 9.5 	481 	418 + 8.50 7157 
2 Mucous membrane 129 	12.5 245 197 --f--7 6.24 	7635 
2 	Mucous membrane 	283 15.5 	219 	155 7E- 6.14 2738 _ 
Total 34926 
Mean 	6985 
5 	Mucous membrane 	• 49 	4.0 	47 	5 + 3.44 	510 
5 Mucous membrane 100 	• 8.0 84 24 + 4.36 1200 
5 	Mucous membrane 	• 138 12.0 	83 	23 + 4.36 833 _ 
5 Mucous membrane 210 	16.0 119 57 + 4.90 	1357 _ 
Total 	3900 
Mean 975 
6 	Mucous membrane 	71 	4.0 	53 	14 + 3.48 	
985 
6 Mucous membrane 133 8.0 51 13T 3.44 
488 
6 	Mucous membrane 	105 	12.0 	68 	247 3.86 
1142 







Sample wt 	after 
in mg Injection 
Sam le count c/,) 
Net . 
count + 2SD 
Net counts 
• per min per 




TABLE 19 (Continued). Distribution of glucose 
the experiment tank. 
in the skate, Ra'a binoculata, and in the water from 
   
7 	Mucous membrane 
7 Mucous membrane 
7 	Mucous membrane 









69 	25 + 3.86 	1262 
70 26 -7 3.34 1056 
59 	14 7 3.72 795 
52 13 li- 3.48 	1048 _... 
Total 	4161 
Mean 	1040 
8 	Mucous membrane 	121 	4.0 	46 	2 + 3.44 
	82 
8 Mucous membrane 135 8.0 44 
2 + 3.38 74 
8 	Mucous membrane 	115 	12.0 	45 	6 + 3.40 
260 
8 Mucous membrane 80 16.0 • 48 
6 + 3.44 	375 
Total 	791 
Mean 198 
Grand Total 	52212 
Grand Mean 	2176 
5 
Mucous from clasper 234 
Mucous from clasper 122 
	
4.0 	40 	0 + 3.30 	0 
8.0 69 9 + 4.14 368 
Total 	368 
Mean 184 
6 	Mucous from clasper 	199 	4.0 	45 	
6 + 3.34 	150 
6 Mucous in mouth 	214 8.0 44 
6 7 3.28 142 
6 	Mucous in mouth 	• 46 	12.0 	64 	
20 :F 3.80 2173 
6 Mucous in mouth 148 16.0 62 
18 7; 3.74 	608 __ 
•  Total 	3073 	cr. 
Mean 768 •QD 










0 + 3.42 
	
+ 3.34 	0 
8 —+ 3.60 266 
12 T- 3.44 588 
Total 	854 
Mean 214 
Mucous from pelvic 	274 
fin 
Mucous from mouth 	206 
Mucous from mouth 	150 
Mucous from mouth 	102 
TABLE 19 (Continued). Distribution of glucose-C
14  in the skate, Raja binoculata, and in the water from , 
the experiment tank. 
   
Hours 	Sample count (c/m)  
after Gross 	Net 
Injection 	count count + 2SD 
Net counts 
per min per 




8 	Mucous from clasper 	123 	4.0 	58 	
0 + 3.86 	0 
8 Mucous from clasper 	130 8.0 40 0 + 3.28 
0 
8 	Mucous from mouth 83 	12.0 	39 	0 + 3.26 
0 
8 Mucous from mouth 	43 16.0 46 
4 + 3.40 	465 
Total 	465 
Mean 116 
Grand Total 	4760 
Grand Mean 340 
1 	Liver 	547 	16.5 	3175 	
3136 + 20.70 	28665 
2 Liver 814 16.5 641 597 + 9.54 
3667 
5 	Liver 229 	16.0 	100 	38 + 4.64 
829 
6 Liver 	589 16.0 488 
444 + 8.42 	3769 
7 	Liver 236 	16.0 	153 	
114 + 5.04 2415 
8 Liver 385 16.0 1897 












Pancreas 	1133 	16.5 	3561 	3521 4- 21.90 	15538 , 





504 	16.5 	267 	227 4- 6.40 	2251 
585 16.5 93 49 	4.28 418 
Total 	2669 





TABLE 19 (Continued). Distribution of glucose 14 in the skate, iRaja binoculata, and in the water from 
the experiment tank. 
Hours 	Sample count (c/m)  
Sample wt 	after Gross 	Net 







901 -I- 11.42 







444 	8.42  
• Net counts 
per min per 





Mean 	• 6851 
2 • Spleen 	810 	16.5 	831 	787 ± 10.80 • 	 4858 
Total 	4858 
Mean 
2 	Water from tank 	465 	3.5 	79 	15 ± 3.70 	161 
2 Water from tank 282 6.5 48 73T 3,46 124 
2 	Water from tank 	556 9.5 	54 	6 ± 3.68 
53 
2 Water from tank 388 	12.5 55 7 I4 3.70 	90 
OM!. 
TABLE 19 (Continued). Distribution of g1ucose-C
14  in the skate, Raja binoculata, and in the water from 








Sample count (c/m)  
Gross 	Net 
count count: + 2SD 
Net counts 
per min per 










64 	0+ 4.12  
Water from tank 327 16.5 85 41 + 4.14 
Water from tank 	978 	16.0 	46 	2 + 3.44 
Water from tank 	451 	16.0 	39 	0 + 3.22 

























TABLE 20. In vitro uptake of glucose-C




(Series I) 	Sample 
Sample wt 
in mg 
Sample count (c/m) Net counts _  
Gross Net 	per min per 
Count count 4- 2SD 	g of tissue 
1 . Female, 
experimental 	34 	1902 	23 4- 3.70 	3382 
1 	Female, 
experimental 	44 	1645 	15 4- 3.54 	1704 
1 	Female, 
experimental 	30 	1953 	20 + 3.74 .._. 	3333 
1 	Female, 
experimental 	34 	3743 84 + 4.68 	12352 
1 	Female, 
experimental 	22 	5883 1.50 + 5.68 	33333 
1 	Female, 
experimental 	34 	1691 	10 4- 3.70 .... 	1470 
1 	Female, 
experimental 	23 	1771 	13 + 3.74 __ 2826 
1 	Female, 
experimental 	37 	1555 	6 + 3.60 	810 
1 	Female, 
experimental 	26 	2095 	27 + 3.86 	5192 
1 	Female, 
experimental 	37 	1877 	20 + 3.74 .._ 	2702 
1 	Female, 
experimental 	31 	2756 	49 4- 4.22 ..... 7903 
1 	Female, 
experimental 	22 	1535 	16 + 3.66 	3555 
1 	Female, 
experimental 	32 	1535 	6 + 3..56 	937 
1 	Female, 
experimental 	43 	3931 86 + 4.82 ..._ 	10000 
1 	Female, 




. 	Mean 	6744 
1 	Female, control 	36 	1395 	2 + 3.48 	277 
1 Female, control 	31 1359 	0 + 3.48 0 
1 	Female, control 	34 	1277 	0 + 3.36 	0 
1 Female, control 	33 1286 	0 + 3.40 0 ..._ 
Total 	277 
Mean 69 
1 	Water from 
chamber 	414 41. 
	 1170 	0 + 3.32 
. 
TABLE 21. In vitro uptake of glycine-C





(Series I) 	Sample 
Sample count (c/m)  
Sample wt Gross Net 
in mg 	Count count + 2SD  
Net count; 
per min per 
g of tissue 
2 	Female, 
experimental 	27 	9123 260 + 6.80 	48148 
2 	Female, 
experimental 	22 	1907 	20 + 3.78 	4444 
2 	Female, 
experimental 	29 	3429 	70 + 4.58 	12068 
2 	Female, 
experimental 	40 	1839 	17 + 3.74 	2125 
2 	Female, 
experimental 	39 	1488 	6.+ 3.52 	769 
2 	Female, 
experimental 	40 	19_74 	22 + 3.82 	2750 
2 	Female, 
experimental 	32 	9074 258 + 6.78 	40312 
2 	Female, 
experimental 	15 	1795 	16 + 3.72 	5333 
2 	Female, 
experimental 	34 	7677 212 + 6.32 	31176 __ 
2 	Female, 
experimental 	20 	5661 145 + 5.56 	36250 
2 	Female, 
experimental 	27 	6061 158 + 5.72 	29259 
2 	Female, 
experimental 	24 	3585 	76 + 4.66 	15833 
2. 	Female, 
experimental 	14 	1960 	21 + 3.80 	7500 __ 
2 	Female, 
experimental 	35 	2086 	26 + 3.88 	3714 , 
2 	Female, 
experimental 	36 	1569 	8 + 3.58 	1111 ..... 
Total 240792 
Mean 	16053 
2 	Female, control 	26 	1436 	3 + 3.48 576 
2 Female, control 	36 1159 	0 + 3.30 	0 
2 	Female, control 	38 	1382 	2 + 3.46 263 
2 Female, control 	40 1426 	4 + 3.48 	500 ..... 
Total 	1339 
Mean 335 
2 	Water from 
chamber 1493 	6 4- 3.52 
••• 
75 









per min per 
g of tissue 





count count + 2SD 































29 	1350 	0 
18 	' 1308 	0 	0 
30 	1404 	2 Jr 3.48 	333 _ 
28 	1322 	0 0 
29 	1344 	'0 0 
23 	1330 	0 0 
... 
26 	1402 	2 + 3.48 	384 
32 	1343 	0 0 
33 	1330 	0 0 
30 	1210 	0 0 
26 	1226 	0 0 
33 	1156 	0 0 
40 	1201 	0 	0 
47 	1238 	0 0 , 
















3 	Female, control 	33 	1341 	0 	0 
3 Female, control 	31 1335 	0 0 
3 	Female, control 	23 	1386 	4 + 3.42 	869 
















	per min per 
count count + 2SD g of tissue Sample 
76 
TABLE 23. In vitro uptake of calcium-45 into female Charopinus dentatus. 
Female, 
experimental 	30 	1350 	5 + 3.36 	833 
4 	Female, 
experimental 	17 	1444 	8 + 3.42 	2352 __ 
4 	Female, 
experimental 	35 	1853 	22 + 3.68 	3142 
4 	Female, 
experimental 	37 	1190 	0 + 3.24 	0 
4 	Female, 
experimental 	42 	1233 	. 0 + 3.28 	0 
4 	Female, 
experimental 	24 	1552 	12 + 3.48 	2500 __ 
4.  Female, 
experimental 	30 	1357 	5 + 3.08 	833 
4 	Female, 
experimental 	37 	1932 	24 + 3.72 	3243 
Female, 
experimental 	23 	1330 	4 + 3.34 	869 
Female, 
experimental 	36 	1379 	6 + 3.38 	833 
Female, 
experimental 	35 	1311 	4 + 3.34 	571 
4 	Female, 
experimental 	22 	1327 	4 + 3.34 	909 
4 	Female, 
experimental 	29 	1359 	5 + 3.36 	862 
4 	Female, 
experimental 	46 	1221 	1 + 3.40 	111 __ 
Total 17058 
Mean 	1218 
4 	Female, control 	17 	1194 	0 + 3.06 	0 
4 Female, control 	33 1211 	0 + 3.26 0 
4 	Female, control 	30 	1206 	0 + 3.26 	0 





4 	Water from 
chamber 	1422 	7 ± 3.40 
77 
• TABLE 24. In vitro uptake of urea-C14  Into female Charopinus dentatus. 
Sample count ( Net counts 
Sample wt Gross Net 	per min per 
Sample 	in m 	count count 2SD 	of tissue 
Female, 
	
experimental 	18 	1204 	3 + 3.20 	833 
Female, 
experimental 	22 	2002 	30 + 3.70 __ 	6188 
Female, 
experimental 	15 	3298 	110 + 4.42 ..... 	36666 
Female, 
experimental 	19 	1464 	12 + 3.38 __ 3157 
Female, 
experimental 	13 	1234 	4± 3.22 	1538 
Female, 
experimental 	18 	1287 	6 + 3.26 	1666 
Female, 
experimental 	14 	1160 	2 + 3.16 __ 	526 
Female, 
experimental 	21 	1618 	17 + 3.48 	4250 
Female, 
experimental 	25 	1404 	10 + 3.34 __ 	2000 
Female, 
experimental 	17 	12565 + __ 3.24 	1470 
Female, 
experimental 	19 	1467 	12 + 3.38 	3157 
Female, 
experimental 	6 	1267 	5 + 3.24 	4166 
Female, 
experimental 	27 	1478 	12 + 3.38 	2222 
Female, 
experimental 	20 	1658 	18 + 3.50 	4500 
Female, 




















1 	Female, control 	26 	1177 	2 + 3.18 	384 
1 Female, control 	21 1112 	OT 3.14 0 
1 	Female, control 	13 	1278 	6 + 3.24 	2307 
1 Female, control 	26 1180 	2 + 3.18 384 
Total 	3075 
Mean 769 
1 	Water from 
chamber 	1185 	3 + 3.18 
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ABSTRACT 
Of 1,798 parasitic copepods, Charopinus dentatus (Wilson), 
• collected from the skate host, ‘Raja,  binoculata Girard, 1,615 (89.87.) 
were obtained from the mucosa lining the mouth and pharynx. None were 
collected from the gill filaments. Host tissue damage was not seen 
grossly or microscopically around the attached parasite nor did the gut 
contents of female parasites give evidence microscopically or chemically 
that they are blood feeders. Green material from the gut of female 
parasites was made up of cell-like structures occurring singly and in 
clumps. Spectrophotometrically this material demonstrated spectral 
maxima (670, 410 'FM) similar to maxima of degradative products of chloro- 
phyll A. The female attachment organ is constructed morphologically 
and histologically so that nutrients could pass from host tissue to 
parasite. A comparison of the accumulated percent mortality of two 
groups of parasites which had been removed from the host and one group 
which had been left attached showed at the end of 8 days 657 and 607 
dead of those removed; but only 67. dead of those left attached. In vivo 
and in vitro radioisotope experiments demonstrated statistically 
significant uptake through female attachment organs of glucose- C14, 
glycine- c14, calcium-45 and urea- C14. Preliminary in vitro culture 
experiments tend to show that skate serum is of less value as a culture 
medium than minimum essential medium (Eagle) with Hanks base. When all 
. the data are viewed collectively, there is a strong suggestion that 
adult female parasites may obtain potential food material of plant 
11 
origin from the surrounding environment and other nutrients by uptake 
from the host through the attachment organ. What specific significance 
these two nutritional sources may have for the maintenance of the 
parasite on the host awaits further research. 
iii 
